###### Strengths and limitations of this study

-   This is the first report that investigates personalised medicine and the personalised healthcare field from a bottom--up view, as opposed to the conventional top-down approach where opinion leaders and committees describe what the field is about and in which direction it should proceed.

-   The practices were identified with a systematic search and inclusion strategy within the scientific literature, where two researchers worked first independently, then reached a consensus.

-   A special combination of methods, which included triangulation among others, was designed and used at every step of the analysis due to the uniqueness of the research aim and heterogeneity of the practices presented in the literature as 'personalised' approaches.

-   A limitation is that the research was carried out in the scientific literature alone without inclusion of information from websites of the 'personalised' practices.

-   Owing to limitation of data on integration of the identified practices into health services, the issue of integration could not be elaborated on all practices; however, only three prominent and contrasting country examples were used to demonstrate some of the integration issues.

Introduction {#s1}
============

A trend towards 'personalisation' in medicine and healthcare has become increasingly prominent in the past 10--15 years. It has been perceived and described from different angles by various opinion leaders, institutions and stakeholder organisations. The terms used include 'personalized medicine', 'personalized health care (healthcare)', 'P4 Medicine---Predictive, Personalized, Preventive/Preventive, and Participatory Medicine', 'individualized medicine', 'precision medicine' and 'systems (bio)medicine'.

These terms are heavily used in the scientific and grey literature. However, until now, there has been no consensus on their precise meaning and how they are to be distinguished. The situation is complicated by the ambiguous and inconsistent use of terminology. For example, in some cases, terms are being used interchangeably (eg, 'individualized medicine' and 'personalized medicine' at Medical Subject Headings of PubMed),[@R1] whereas in others each is used to describe different concepts.[@R2] Different individuals, research groups or manuscripts seem to have a preferred term and working definition for it. Moreover, many publications seem to use 'personalised medicine' as a buzzword and/or a 'catch-all' term, resulting in a steep increase in its appearance in the literature.[@R3] [@R4] These create chaos within terminology in the literature. Within the present article, the abbreviation PM/PHC will be used to address the wide scope of personalised medicine, personalised healthcare and others.

Problems with the terminology have been the subject of several publications,[@R2] the most recent of them being a comprehensive overview by Pokorska-Bocci *et al*.[@R3] So far, influential definitions and descriptions of the field have mainly been launched by institutions,[@R11] organisations representing major stakeholder groups such as industry and academia,[@R15] and respected opinion leaders.[@R18] The body of literature that addressed or discussed the terminology has mostly referred to these influential 'top-down' definitions. There is an implicit assumption that there is such a thing as a best definition or classification of PM/PHC and that the practices in this field will tend to develop accordingly. However, as the studies in other advanced technological domains have shown,[@R24] in reality, actual practices in healthcare might take their own path, thus 'enacting' in their practices implicit definitions of what is at stake in their field. These definitions then determine what direction the field is heading towards.

The problem with the definitions and terminology is not just a linguistic one. In the broader context, it is very likely to be connected with the issue of unexpectedly slow integration of personalised practices in real life. PM/PHC has been on the agenda of scientific fora for over a decade. Personalised approaches were proposed to be solutions to the main problems of today\'s health systems, including prevention and treatment of chronic complex diseases, responsible for the main burden of disease globally.[@R19] [@R23] [@R25] [@R26] However, PM/PHC has not fulfilled the expectations so far. With the exception of cancer-related programmes in some countries, diffusion of 'personalised' practices in regular health services has been limited. Can the underlying assumptions and origins of the top-down definitions be contributing to this problem? If so, can the practice side of the coin give us clues about what matters for integration of personalised approaches in healthcare?

Inspired by these ideas, we decided to look at the literature for the PM/PHC practices that use the various terms listed above. We assumed that these practices actually reflect their implicit views on PM/PHC and their analysis may provide better insight into what is happening on the practice side of the field. Thus, this study aims to start developing an understanding of how the field of PM/PHC can be defined from a 'practice-based' perspective. This can make a valuable contribution to the debate about the terms and definitions, and help see how the field is actually evolving. We will then look at what the findings mean for integration of PM/PHC into real life. In the discussion, we will compare the implicit notions on PM/PHC, as enacted in actual practices, with notions underlying the 'top-down' definitions, and propose a 'practice-based' look at the healthcare integration problem in the field and possible solutions.

Methods {#s2}
=======

Approach {#s2a}
--------

In order to approach the field from a 'bottom-up' or 'practice-based' perspective and avoid the influence of the top-down definitions, we needed to be careful about common assumptions seen in 'top-down' definitions. We identified two of them as important.

The first one is linked to the drivers of the personalised vision. Two drivers seem to have a prominent place in the background of top-down definitions: (1) the general societal trend towards personalisation and (2) the scientific discoveries and technological developments in various fields, mainly genome-based and information/communication technologies (ICT).[@R2] The top-down definitions seem to be influenced particularly by the second driver. Most of them tend to define the field from the perspective of a certain sector or discipline, that is, via the use of certain interventions (drugs, etc) or technologies (genomics, ICT, etc).[@R1] [@R11] [@R12] [@R15] [@R18] [@R19] In this work, we took a sector-independent, discipline-independent and technology-independent stand. This can help us identify new emerging innovative approaches that use tools and disciplines that are not traditionally covered in top-down descriptions of the personalised approaches.

The second assumption we avoided was thinking in silos of the 'pipeline' approach to innovations in healthcare. In the top-down approaches, innovative practices or interventions are often perceived to be an end result of the research and (technological) development process. The whole process is seen as stages, for instance basic research, applied research, development, pilot and implementation, which are assumed to follow one another in a linear way. However, in real life, neither scientific advancements nor technologies get into health practice in a predictable pattern or 'pipeline'.[@R27] Innovations stemming from actual practices might not necessarily follow those in a structured way and the borders between these stages are not always clear.[@R24]

Systematic search and selection strategy {#s2b}
----------------------------------------

In order to identify the practices, we used a systematic search and selection strategy summarised in [figure 1](#BMJOPEN2015010243F1){ref-type="fig"}. It is based on the PRISMA flow diagram,[@R28] modified according to the purpose of our study. For full details of the process, refer to [online supplementary material](#SM1){ref-type="supplementary-material"} 1.

![Flow diagram of data collection process.](bmjopen2015010243f01){#BMJOPEN2015010243F1}
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### Information sources and search strategy {#s2b1}

PubMed (via PubMed.gov on 1 April 2014) and EMBASE (via OVID on 14 April 2014) were chosen for the search as they cover the highest number of journals related to 'personalised medicine'.

The following terms were searched in the title or abstract of the manuscripts: personalized health care (healthcare), personalized medicine, P4 medicine, precision medicine, stratified medicine, systems (bio)medicine, individualized medicine and their UK English versions (personalised and individualised). The search was limited to English articles, with no time limitations.

The search within PubMed resulted in 4.317 records and 6.328 in EMBASE, all of which were imported to EndNote. Duplicates and meeting/conference abstracts were removed. This resulted in 5.333 records.

The search was restricted to scientific publications only and did not include websites, reports and other grey literature sources, since it is not always possible to assess the validity of claims made about the practices in those media.

### Screening and selection process {#s2b2}

The focus of this study is practices presented in relation to PM/PHC. Since 'health practice' or 'medical practice' do not have a formal and/or operational definition, we used the concept of 'health intervention', as "...an activity performed for, with or on behalf of a person or a population whose purpose is to improve, assess or modify health, functioning or health conditions."[@R29] Thus, our inclusion criteria identified the articles describing a health intervention that is developed (designed) and/or implemented/presented in association with one of the terms used to describe PM/PHC (see the search terms).

More precisely, we searched for health intervention/practices that (1) were implemented on at least one real-life case, applied to the patient/individual or used her/his data (ie, a case, series of cases, feasibility studies, pilots, trials, reports on products/services on the market, etc) and (2) were provided with enough details in the article(s). The stage of research, development and implementation, the scientific evidence on the practice, how well the practice is established or the technological components were not included in the analysis.

The selection was done independently by two researchers (TC and ES) on two occasions. First, during the initial screening, resulting in 277 articles, and second, during the eligibility screening. Within the screening phase, independent researchers used two different strategies for triangulation. The results of both researchers were compared and differences were discussed until consensus was reached. At this stage, 179 articles were included. On inclusion of some of the articles identified from the references and exclusion of those not providing enough information, the final list of 157 articles was formed. The reasons for exclusion are summarised in [figure 1](#BMJOPEN2015010243F1){ref-type="fig"}.

Identification of practices from the articles {#s2c}
---------------------------------------------

Practices were extracted from the articles; different articles describing the same practice were grouped and a list of the practices was formed. From this stage onwards, practices (not the articles) became the unit of analysis in this study. Some further group clustering was performed, based on the similarities of practices. For example, various drug-genetic test pairs could be grouped under 'pharmacogenetics', since no apparent differences were expected during the analysis and the available data in the articles were also presented to support grouping. Eventually, nine groups of practices were formed (treated as one practice in the rest of this article) in addition to 79 individual ones, summing up to 88 practices (see table S1 in [online supplementary material](#SM2){ref-type="supplementary-material"} 2). The 'P-numbers' in online [supplementary table](#SM2){ref-type="supplementary-material"} S1 are used as the identifier of each practice in the rest of the article and referred with a 'P-' in front of it in brackets. For example, (P−1) refers to 'group: pharmacogenetics (drug---gene)'. Details of the group of practices are presented in online [supplementary table](#SM2){ref-type="supplementary-material"} S2.
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Content analysis {#s2d}
----------------

The author (TC) read the articles, investigated the practices from different perspectives, identified their distinctive properties and discussed various categorisation possibilities with the coauthors (ES, AK, FF). We decided to start with the axis of 'application form and context', since many articles provided ample information on that topic (axis-1). While comparing similarities and contrasting differences among the practices within and across categories, the categorisation was refined and redefined. This resulted in reorganisation of the practices under the categories. This took several rounds until the description of the categories matched the content of the practices included and the categories became mutually exclusive.

The second area we decided to investigate focused on 'who is served by this practice?'. This involves 'users' or 'clients' (axis-2). Using a method similar to axis-1, we identified various groups who are eventually served by this practice and clustered them in four groups. Many of the practices served more than one group and some of these were minor or optional clients, or implied to be served in the articles. We preferred to note these in the tables as well (with notes such as 'minor', 'optional', 'indirect') because many of the practices are in the conception or infancy phases now and in the future may evolve to different directions. Eventually, the groups that emerged in this axis were not mutually exclusive. Therefore, we called them 'groups' rather than 'categories'.

During several discussions, we identified the issues such as for whom the practice is available, who controls access to it and who benefits from it are important topics for integration of practices into (health) services. However, these themes are closely related to the health system, including the health financing, of the country where the practice is implemented. Since we collected our data from the scientific literature, where information on revenue models, benefits, availability, access, etc, are not reported regularly, we chose to present three country examples to compare how the practices are integrated.

The analysis was performed by the author, and coauthors challenged it, providing critical feedback in several rounds. The discussions among the team continued until an agreement on the axes and their components was reached. MS Excel was used for the analysis.

Before and after the analysis process, we explored if there was an identifiable pattern in the use of different terms referring to the personalised approaches. However, we did not observe a consistent pattern in their use in terms of technologies and/or disciplines involved, the purpose (prevention, therapy, disease management, etc), target groups, etc. Neither did we observe a pattern in terminology according to the categories we identified.

After the analysis, the results were summarised into tables, where short descriptions based on the articles were added. Since we based the analysis on only the articles, changes that happened after they were published, such as stopping serving a practice or changing its form, were not taken into account. For practices that were reported to have a website, the websites were checked to see if the provider has apparently changed or stopped services after the publication and this was put as a brief note in the relevant tables as necessary.

Results {#s3}
=======

The basic properties of the 88 practices identified from the articles are presented in table S1 in online [supplementary material](#SM2){ref-type="supplementary-material"} 2. [Figure 2](#BMJOPEN2015010243F2){ref-type="fig"} presents the general view of the axes and their components, which are summarised in the below text with examples from the practices.

![The axes and their components that emerged from the analysed practices.](bmjopen2015010243f02){#BMJOPEN2015010243F2}

Axis-1: application form and context {#s3a}
------------------------------------

Data analysis revealed three main categories in terms of the application form and context: (1) practices available for use in health services, implying that PM/PHC is a commodity that is provided on the healthcare market; (2) implementation models where the product or service is developed and/or implemented in a wider context (ie, in an institution), implying that PM/PHC is a way how health services are organised and provided and (3) emerging practices which have not evolved to become one of the first two categories yet, implying PM/PHC as a keyword which indicates a 'future' or 'novel' potential.

All practices were categorised in only one of the three categories, except for Gentest (P-20)[@R26] and GeneInsight (P-32)[@R30] as these two practices had two service facets. Practices are summarised in separate tables for each category in online [supplementary material](#SM2){ref-type="supplementary-material"} 2 (tables S3--S5 for categories 1--3, respectively).

### Category-1: practices available in the healthcare market {#s3a1}

This category includes products/services that are available on the healthcare sector/market. Their uptake and use depend on the decision of the health professional and/or individuals/patients. Tests, test-drug pairs, drugs, (bio)informatics services, devices, online tools and websites fall into this group. Most of these are commodities available on the healthcare market and have a cost for the payer (whoever the payer is, ie, third party payer, the patient or others). An example is pharmacogenetic tests and related drugs (P-1), which are ordered by the physician (see [box 1](#bx1){ref-type="boxed-text"}). Box 1Examples to practices available in the healthcare market (category-1)Pharmacogenetic tests and related drugs (P-1)▸ In pharmacogenetic testing, the sample of the patient is tested for a certain (genetic or genomic) biomarker in the laboratory to predict the response of the individual to a certain drug. The physician can use this information to choose the most appropriate drug or decide its dose. For example, individuals respond differently to warfarin, an anticoagulant drug used for prevention and treatment of thrombosis and thromboembolism. Therefore, the warfarin dose must be titrated according to the response of the individuals, as measured by the international normalised ratio (INR) value in the blood. The therapeutic index for INR is rather narrow, and higher and lower than desired levels increase the risk of serious complications (haemorrhage) and lack of desired effect (thrombosis). Genetic polymorphisms in CYP2C9 and VKORC1 genes are responsible for 40--60% of the variability in the therapeutic warfarin dose. Testing individuals for these polymorphisms before the initiation of warfarin therapy can help to optimise the starting dose of the warfarin and might reduce the risk of haemorrhagic complications.[@R31]Coronary risk scores (P-12)▸ The risk of cardiovascular diseases can be calculated using classical scoring systems such as the Framingham risk score (USA).[@R37] The scoring is available in the literature or can be calculated automatically in the internet when the personal clinical variables of the individuals, such as age, gender, total and high-density lipoprotein cholesterol levels, smoking status and hypertension/blood pressure information, are entered (<http://cvdrisk.nhlbi.nih.gov/)>.

A few interventions are available publicly, not commercially, for example, the tools for predicting the risk or prognosis of a disease, such as coronary risk scores, which are published in the literature and available freely on the internet (P-12; see [box 1](#bx1){ref-type="boxed-text"}).

### Category-2: implementation models {#s3a2}

This category includes products or services that are developed for and/or implemented in a certain context, that is, a healthcare institution, a country and worldwide. Practices can be a part of a project, a programme or a service framework that aims to implement, pilot or assess the feasibility of the implementation of products or services, as well as related tools in a certain setting. The implemented products or services can already be available on the market (category-1) or developed specifically for that setting. These PM/PHC practices imply that PM/PHC is not just a tool, product or service available (category-1), but also the way how health services are organised and delivered.

We labelled the practices in this category as 'implementation models' because they do not solely focus on the product/service or its technical use, but take into account its implementation in the organisational setting. By definition, they are expected to involve a health professional for their administration, except Athlete Biological Passport (explained below). Examples of three implementation contexts are presented below (see [box 2](#bx2){ref-type="boxed-text"}). *Institutional context*: projects, programmes or service frameworks developed for and/or implemented at a specific healthcare institution are included under the 'institutional context'. They can be as small as a physician practice, or as large as a chain or group of major academic medical centres, including home health services. A variety of practices are implemented in an institutional context. For example, a number of programmes explore, develop and pilot the ways of implementing pharmacogenomics in clinical practice in major medical centres (P-25, P-57, P-62, P-66, P-68, P-82). Some of the practices are service frameworks that are developed at specific institutions, focusing on other aspects of personalising the health services, such as psychosocial needs (P-86).*National context*: the only example of implementation on a national scale is the French National Cancer Institute's (French NCI) nationwide programme for tumour genomics (P-44).*International context*: currently, the only practice in this subcategory is Athlete Biological Passport (P-42), a programme offered by the World Anti-Doping Agency and implemented by antidoping agencies around the globe. Box 2Examples to implementation models (category-2)Pharmacogenetics-related programmes (P-25, P-57, P-62, P-66, P-68, P-82)▸ A number of programmes involve genotyping a group of patients for identified genotypes before the relevant drug and testing is indicated (pre-emption), and aim to investigate the results of this practice in various aspects, such as outputs, patient outcomes and costs, and others: CLIPMERGE PGx Program at Mount Sinai Medical Center (P-25),[@R38] PREDICT project at Vanderbilt (P-57),[@R39] Personalized Medicine Program at University of Florida Health (P-62),[@R40] Clinical Pharmacogenomics Implementation Program at University of Chicago (P-66),[@R41] [@R42] Coriell Personalized Medicine Collaborative (Pharmacogenomics; P-68)[@R43] [@R44] and Preemptive PGx protocol at Mayo Clinic (P-82),[@R45] all in the USA.Youth area for adolescent and young adult patients with cancer (P-86)▸ 'Youth area' at the Centro di Riferimento Oncologico (CRO) National Cancer Institute, Italy, is a special unit for adolescents and young adults at a cancer research hospital to provide assistance to them, in particular for their psychosocial needs.[@R46]French National Cancer Institute's (NCI) nationwide programme for tumour genomics (P-44)▸ The programme aims to provide available genomic tests to all relevant patients with cancer in France. French NCI runs it with a network of 28 laboratories in France. Each laboratory is located in a specific geographic area to provide tumour genomics services to all cancer patients (public and private), thus covering the whole of France. Funded by the French NCI and Ministry of Health, all patients have free access to the identified biomarkers that predict response to certain cancer treatments.[@R47]Athlete Biological Passport (P-42)▸ Athletes are monitored longitudinally with tests on haematological and steroidal profiles. Recent changes and disparities in the parameters can be a result of performance-enhancing drugs or a medical condition that needs to be investigated. The programme is developed by the World Anti-Doping Agency. Antidoping agencies around the globe can implement it using the relevant guidelines.[@R48]

### Category-3: emerging practices {#s3a3}

Practices in this category include the ones not fitting in the previous categories. The practices achieved 'contact with the patient (data)'; however, information on their current use is not (yet) available in the literature. These, unlike practices in category-1, are not yet available on the market (at the time of the data collection) and are not developed for a specific (institutional) context like the ones in category-2. They may evolve into these two, or to other directions (see, eg, [box 3](#bx3){ref-type="boxed-text"}). Box 3Examples to emerging practices (category-3)IT-based Diagnostic Instrument System (P-13)▸ It is a set of diagnostic medical instruments which have been integrated into a personal wearable device (wrist-worn health monitoring device), which measure a variety of parameters in the body, a blood glucometer integrated to a cell phone and a home telehealth system including biosignal measurement systems that can measure, for example, ECG, body temperature and body fat ratio on a toilet seat. It is developed at Seul National University (Korea).[@R49]GliomaPredict (P-28)▸ GliomaPredict is an algorithm for prediction of the outcome of gliomas (a brain tumour) based on their transcriptomic profile. It is validated on data sets and available for use in one institution, the National Cancer Institute, USA.[@R50]Computer-Assisted Brief Intervention for Tobacco (CABIT) Program (P-47)▸ CABIT is an opportunistic computer-based tool to assist quitting smoking in clinical settings (Cooper University Hospital and Polaris Health Directions, USA). It is a self-administered computerised assessment to produce reports for healthcare providers and patients. On the basis of the assessment, the tool provides a video intervention to the individual (based on the stage of change for the individual's smoking habit) and a referral for smoking cessation.[@R51]A prototype for automated interpretation of a pharmacogenetic test (CYP3A5---tacrolimus dose; P-85)▸ Tacrolimus is a drug used to prevent rejection in organ transplantation. The needed dose for this drug may change according to the CYP3A5 genotype. An algorithm and reporting system was developed for interpretation of the CYP3A5 test and recommending tacrolimus dose at Oslo University Hospital, Norway.[@R52]Integrative Personal Omics Profile (iPOP' project; P-50)▸ Extensive omics profiling of blood components from a generally healthy individual was performed over a 14-month period at Stanford University, USA. The whole genome sequencing data were analysed with the RiskOGram algorithm, which integrates information from multiple alleles associated with disease risk. It indicated an increased risk of type 2 diabetes, which actually developed during the follow-up period and was diagnosed by a physician.[@R53] The primary aim of the project was not to provide a 'health practice'. However, the analysis made on the whole genome data, that is, risk assessment of various diseases, had implications as a health practice.Quantified-self (P-59)▸ An individual followed various parameters related to his body longitudinally using digital biomedical measurement devices and blood and stool biomarkers (USA). He observed that episodically elevated stool protein markers were accompanied by increased blood C reactive protein levels, indicating inflammation. He got colon imaging studies and biopsies, and was diagnosed with late-onset Crohn\'s disease, which is an inflammatory bowel disease.[@R54]

We did not observe a pattern according to which the practices per se can be grouped, but the ways they are reported in the articles seem to have three prominent ways: *Demonstration of applicability or proof of concept*: these practices were applied or presented on cases (one or more) or data sets. A good example is the 'IT-based Diagnostic Instrument System' (P-13), a personal wearable device and home telehealth system for measurement of a variety of parameters and biosignals of the individuals. The applicability of algorithms or bioinformatics tools are demonstrated by applying them on data sets, such as the algorithm that predicts the outcome of gliomas based on their transcriptomic profile, GliomaPredict (P-28).*Trial implementation*: these practices are implemented specifically for research purposes in one or more settings. This can be a pilot to assess feasibility, usability, clinical validity and utility (efficacy and effectiveness). Unlike the pilots reported in category-2 of axis-1, which were programmes developed for specific institutions; here, the product or service is not developed for the setting where it is tested.An example is the Computer-Assisted Brief Intervention for Tobacco (CABIT) Program (P-47), a web-based multimedia tobacco intervention for use in opportunistic settings. For its initial evaluation, including patient and provider satisfaction and treatment initiation, it was piloted in a number of healthcare settings. It is unknown at this point if it became a long-term programme for those settings or became available for different settings. Another example explored physicians\' reactions to the prototype of an algorithm and reporting system for a pharmacogenetic test (CYP3A5---tacrolimus dose; P-85).*Exploratory/investigational cases*: these cases initially had an investigational or exploratory purpose, without knowing if it would have specific health practice implications. A specific health intervention was not (fully) designed prior to the start of the case, but it eventually led to a health practice. 'integrative Personal Omics Profile (iPOP)' project (P-50) carried out longitudinal extensive omics profiling on blood components from a generally healthy individual. Another individual followed various parameters related to his body longitudinally using digital biomedical measurement devices and blood and stool biomarkers (P-59). In both examples, the follow-up led to the clinical diagnosis of diseases.

Axis-2: the group served by the practice, that is, the 'user/client' {#s3b}
--------------------------------------------------------------------

This axis involves the question 'who is the main group or entity served by this practice?'. In other words, 'who turns out to be the main "user" or "client" of this practice, and what definition of PM/PHC does this imply?'.

Data analysis revealed four main groups: (1) individual (including the patient), implying that (PM/PHC) means tools that involve and/or empower the individuals to gain control over matters related to their health; (2) health professionals, implying that PM/PHC tools help them provide better tailored and therefore better quality health services; (3) healthcare organisations, implying that PM/PHC means ways to increase effectiveness and efficiency of healthcare delivery; (4) other organisations, such as a payer organisation, a national health system and international system.

In tables S3--S5 of the online [supplementary material](#SM2){ref-type="supplementary-material"} 2, axis-2 is summarised in a separate column.

### Group-1: individuals {#s3b1}

If the articles indicate that the practice is used by the individual for management of their health or disease (risk), it is considered to serve the individual. The term individual covers both 'patients', that is, people with disease, and healthy individuals (see, eg, [box 4](#bx4){ref-type="boxed-text"}). Box 4Examples to practices which serve to individuals (group-1)Direct-to-consumer genomic tests ('personal' or 'consumer' genomics; P-6)▸ These tests are also called 'consumer genomics' or 'personal genomics' services, commonly exemplified by 23andMe.[@R55] 23andMe, a US company, provides a genome-wide DNA test (Personal Genome Scan) over the internet directly to consumers. A saliva sample of the individual is used to detect variations in the DNA, with the purpose of providing information on two areas: ancestry/genealogy and health. Under the 'health' section, disease risks based on common polymorphisms as well as highly penetrant variations, carrier status of monogenic disorders, some physical traits and response to drugs are provided online as results of the test. Individuals are free to take these to their doctors for discussion or medical follow-up. (This description is based on the articles included, with the latest from 2012. It is of note that the content of 23andMe changed in December 2013 due to the warning of the Food and Drug Administration of USA[@R60] and the company no longer offers the 'health' section to new customers).[@R61]Smartphone-based personal, pervasive health informatics services (P-9)▸ Smartphone-based personal health informatics aim to improve diagnosis, acute and chronic treatment, and rehabilitation of diseases, as well as supporting self-care to stay healthy/prevention of diseases.[@R62] They include applications of sensor, signal and imaging informatics. Many of these services are available for the individuals, for example, for fitness monitoring using GPS and accelerometers, sensors for heart rate monitors, and devices that combine these to a wrist-worn device such as FitBit.

A prominent example here is direct-to-consumer genetic tests that identify predisposition to or predict risk of certain diseases (P-6). The individual can order the test and receive the results without the involvement of a health professional. Another example includes various smartphone-based personal, pervasive health informatics services that support individuals\' self-care to stay healthy and prevent diseases (P-9).

The practices serving primarily the individual place him/her in the centre of the service and help them be more involved with their health. Here, personalisation implies empowering persons to take care of themselves or to gain control of their own health.

This group also includes practices that serve the people surrounding the individuals, such as families of the adolescents and young adults in cancer wards (P-86; see [box 2](#bx2){ref-type="boxed-text"}). This is considered as a continuum of the 'individual centred' approach; taking the individual with people who can support or help them.

### Group-2: health professionals {#s3b2}

If the health professionals use the practice for medical management of the disease (risk) or the patient, it is considered to serve this group. Laboratory tests ordered by the physician and the drugs prescribed are included here because they mainly assist the medical management of the disease, carried out by the physician and other health professionals. A prominent example here is tumour genetics/genomics tests and related drugs (P-2; see, eg, [box 5](#bx5){ref-type="boxed-text"}). Box 5Examples to practices which serve to health professionals (group-2)Tumour genetics/genomics tests and related drugs (P-2)▸ Here, the laboratory test is carried out on the tumour tissue, to predict its response to a given cancer drug.[@R63] The technology used for the test varies: genetic tests (specific mutation or sequencing), gene expression analysis, immunohistochemistry, in situ hybridisation, etc. In recent years, there have been an increasing number of cases of pairs of cancer drugs and accompanying laboratory tests (companion diagnostics), which were developed, received regulatory approval and presented to the healthcare market together.[@R33] [@R66] [@R67] [@R69]ALGA-C (questionnaire that measures and collects psychocognitive information about patients; P-84)▸ ALGA-C is an electronic questionnaire focusing on cognitive, physical-related and psychological aspects of the patients. It is filled by the patients before meeting the doctor. The results provide a psychocognitive picture of the patient with whom the physician is about to meet. The physician can use this information to optimise the communication style and interaction with the patient. It is developed by the P-medicine project (Greece, Italy and the UK).[@R74]Gentest (P-20)▸ Gentest is an integrative preventive model that uses an individual's personal health information, family history, detailed lifestyle analysis (nutritional habits, food consumption using a food portion size atlas, physical activity and exercise, and smoking), anthropometric and bioimpedance measurements, genotype, and other biomarkers to stratify individuals into risk groups to prevent complex diseases in a targeted way. It is provided to individuals via authorised physicians. On the basis of the results of the aforementioned components, risk assessments are made for the major complex diseases including heart attack, stroke, type 2 diabetes, cancers (lung, breast, prostate, colon and gastric cancers) and osteoporosis and an optimum lifestyle plan, including personal menu plans and food exchange lists, exercise plans, smoking cessation recommendations and a medical follow-up plan, are drawn. It is developed by GENAR Institute for Public Health and Genomics Research in Turkey.[@R26]

An electronic questionnaire that identifies the psychocognitive status of the patients before the physician meets them (ALGA-C, P-84) provides feedback to the physician to optimise his/her communication style and interaction with the patient. Thus, the questionnaire is filled in by the patient but it eventually is a tool that serves the physician.

A few practices serve primarily both the individuals and the health professionals. One of them is Gentest, which is a preventive practice model provided to individuals via authorised physicians (P-20). The output of the service is a report which includes, among others, the summary of assessments made for the individual, an optimum lifestyle programme and a medical follow-up programme, thus serving both the individual and the physician.

The practices that primarily serve the health professional are PM/PHC tools that help the health professional (mostly a physician) deliver even better or more accurate health services to the individuals, potentially leading to more successful prevention, diagnosis and treatment. They can be perceived as 'high-profile' or elaborate products or services used by professionals.

### Group-3: healthcare organisations {#s3b3}

Practices which had implications on the organization of the health services are included here. They had components such as involvement of different stakeholders (disciplines/departments) within an organisation or across organisations for development and implementation of the practice and clinical and/or laboratory workflows. They eventually targeted, to increase effectiveness and efficiency in a healthcare institution. These are actually issues that are related to the goals of a healthcare provider institution, that is, effectiveness, efficiency (costs) and patient and employee satisfaction. Thus, PM/PHC becomes tools or ways for healthcare organisations to perform better in their services, which may help to improve their businesses in the competitive environment (see, eg, [box 6](#bx6){ref-type="boxed-text"}). Box 6Examples to practices which serve to healthcare organisations (group-3)Mayo Clinic\'s Individualized Medicine Clinic (P-71)▸ Two lines of services were introduced in this clinic: (1) tumour genomics services for patients with advanced cancer who fail standard therapy; (2) whole exome sequencing and interpretation services for patients with a suspected genetic condition for whom previous genetic testing did not reveal an aetiology. A common infrastructure for these was built and processes were designed with involvement of several disciplines and functions. These included IT, bioinformatics, bioethics, patient access management, education, revenue cycle, operations and the research sequencing facilities under the Individualized Medicine Clinic Working Group (USA).[@R75]Geisinger blood component usage programme (P-33)▸ Geisinger Medical Center (USA) initiated a programme with the overall goal of reducing unnecessary blood component usage for patients undergoing surgery. Within this programme, algorithms were developed to clarify the conditions for using blood components and a system was set for communication between the pathologist and the patient's clinical team 7/24. When too much blood components were used for a given patient in the given time frame, the system automatically involved the clinical pathologist. The programme was developed by the Transfusion Committee of the hospital.[@R76]

The Mayo Clinic\'s Individualized Medicine Clinic (P-71) is an example of an initiative that opened a new service line within an organisation. This initiative set up and organized an infrastructure which involved with the laboratory, coordination, systems to handle samples and report results, education materials and others. All relevant disciplines within the organisation were involved for the clinical and administrative workflows, which included, among others, coverage of test costs by the insurance.

Geisinger Medical Center introduced algorithms and warning systems in their service lines with the aim of reducing unnecessary blood component usage for patients undergoing surgery (P-33). This involved several stakeholders at the hospital and served to increase the effectiveness and efficiency of patient care.

This group is strongly related to the second category in axis-1, that is, implementation models. All the practices in category-2 had a direct or indirect component of healthcare organisations, as summarised above.

### Group-4: other organisations {#s3b4}

Three practices go beyond the borders of healthcare organisations. The first one eventually serves a national health system: the French NCI\'s nationwide programme for tumour genomics (P-44; see [box 2](#bx2){ref-type="boxed-text"}). The programme aims increasing the effectiveness and efficiency of cancer treatment, as well as to providing equitable services to the population. These correspond to the main goals of a health system (effectiveness, efficiency, patient and employee satisfaction and equity). Thus, PM/PHC becomes a part of tools/activities for health systems to perform better.

The second example is of a healthcare payer organisation: a social health insurance fund, Techniker Krankenkasse, in Germany, which implies that PM/PHC is both for healthcare providers and for payers. Within the 'Telemedicine for the Heart' programme, telemedicine services for patients with heart failure within their insured population were provided (P-60; see [box 7](#bx7){ref-type="boxed-text"}). In the case of the payer organisation, PM/PHC becomes a tool in the service package of the payer organisation to provide more efficient and effective services. Box 7Examples to practices which serve to other organisations (group-4)Telemedicine for the Heart (P-60)▸ A telemedicine programme which consisted of nurse calls to motivate patients to perform regular self-measurements (blood pressure, pulse, weight) and their recording was offered to the members of Techniker Krankenkasse, which is a sickness fund (social health insurance fund) in Germany. In case the measured values were outside the set limits, calls to physicians were placed for therapy adjustments.[@R77]

The third practice is of an international system of national and local antidoping agencies, as well as the World Anti-Doping Agency (P-42; see [box 2](#bx2){ref-type="boxed-text"}).

Integration of practices into real life {#s3c}
---------------------------------------

The two axes summarised above can give new perspectives on PM/PHC. However, they are not enough to provide a wider picture of issues around integration of these practices into real-life (health) services. It is widely assumed that one of the main barriers towards integration is the lack of clinical utility of 'personalised' practices. Nevertheless, when we look at the practices identified, we see various other issues surrounding them in their context. Are these practices available to everyone in their respective countries as commodities in the healthcare market (category-1)? Are the implementation models (category-2) available in all health institutions in a given country? Even if they are available, can the individuals access them without geographical, financial or other barriers? What about the situation globally?

For most of the practices, it was not possible to answer these questions because issues around availability and accessibility are not regularly reported in articles describing practices in the scientific literature. Moreover, many of these issues are inherent in the health system in which the provider is placed. That is why we chose three country examples among the practices in category-2: the USA, France and Taiwan, which included some information on these dimensions.

### Cases: USA, France and Taiwan {#s3c1}

In category-2 (implementation models), we see that several medical centres (centres that combine healthcare service provision, research and medical education) and other major healthcare providers in the USA have initiated some sort of a programme or project on 'personalised', 'individualised' or 'precision' medicine in the past 5 years. These programmes often involve a genetic component, such as tumour and cancer genomics and pharmacogenomics (P-25, P-30,[@R78] P-32, P-38,[@R79] P-41,[@R80] P-56,[@R81] P-57, P-61,[@R82] P-62, P-71, P-75,[@R83] P-77,[@R84] P-80,[@R85] P-82; see [box 2](#bx2){ref-type="boxed-text"} and [box 6](#bx6){ref-type="boxed-text"}). Many of the institutions initialising these projects are world-renowned major medical centres, which are known to pioneer introduction of innovations in mainstream medicine in the world. Many of their 'personalised' programmes in category-2 are probably among the first of their kind in the USA or worldwide.

However, from the 'availability' point of view, these 'personalised' programmes are actually 'prestigious' services that are available to a very limited number of people with geographical and financial access to these major medical centres. For the rest of the US population, the availability is unknown.

Moreover, the US health system has serious problems with accessibility of health services. The uninsured/underinsured population and ineffectiveness of the insurance-based health finance are major problems that lead to disparities in the system.[@R86]

In France, the NCI\'s nationwide initiative provides tumour genetics/genomics services to all patients with cancer and is funded by the NCI and Ministry of Health (P-44, see [box 2](#bx2){ref-type="boxed-text"}). Thus, tumour genomics services are not limited to certain hospitals or geographical regions and are available and accessible (geographically and financially) to all patients with cancer who need it. This indicates 'equity'.

The third example is from Taiwan. A programme called Ubiquitous Healthcare was developed and introduced at the National Taiwan University Hospital (P-24, see [box 8](#bx8){ref-type="boxed-text"}). It is a set of telehealth/telecare solutions, which aim to provide services to patients living in remote areas. In a sense, it is an attempt to overcome geographic accessibility problems, in the context of a country that widely embraced mobile technologies. However, the fact that this service is being promoted among the target group of patients by a marketing team suggests that it is to be paid out of pocket. The costs do not seem to be extremely high (eg, monthly cost of a cardiovascular patient is around €150). Nevertheless, for people from lower income groups, it can still be unaffordable. Thus, at a stage where the service is not yet covered by the National Health Insurance of Taiwan, it is available only to people with access to the university hospital (at least once), and possibilities to afford the service. Box 8Example of a practice provided with out-of-pocket paymentUbiquitous Healthcare (P-24)▸ National Taiwan University Hospital (Taipei, Taiwan) combined the home healthcare service network and sensors network into a new service known as the Ubiquitous Healthcare (U-Health) service system in order to continually provide personalised healthcare services to patients who live in remote areas. The system included six service components that are introduced in an integrated manner: teleeducation, telediagnosis, telemonitoring, teleconsultation, teletherapy and lifetime health. The services were targeted towards the following patient segments: postdischarge patients, patients suffering from cardiovascular diseases, patients suffering from chronic diseases and patients in hospice care. It reduced rehospitalisation rate and emergency room visits during the postdischarge period.[@R87]

### Contextual factors: attitude towards innovations and health systems and policies {#s3c2}

These cases indicate that two factors, among others, may be important for integration of personalised practices in services: attitude of healthcare providers and society towards innovations and the health system and policy context.

The USA has long been regarded as a global leader in medical technology innovation[@R88] and, as a matter of fact, PM/PHC has been closely linked to technological advancements. Apart from the publication tradition of these high-profile medical centres in scientific journals, the high number of publications from the USA may give the impression that uptake of innovation there is higher than in many other countries. However, we do not know much about the availability, that is, whether it is limited to high-profile centres or widely available. There is a strikingly different example from the other side of the Atlantic: French NCI\'s initiative, making tumour genomics services available and accessible for everyone who needs it.

These contrasting cases illustrate that uptake and implementation of personalised practices is influenced by the attitude of the country towards health innovations, as well as by the health system and its policy values. The French health system has 'equity' as a central policy value, reflected by the universal health coverage for all its citizens. In line with this, France provides all services in an equitable way to all citizens. Contrastingly, a prominent policy value in the US health system is 'liberty', supporting the free market economy largely even in the health system, at the cost of equity.[@R86] [@R89] Thus, prestigious high-profile medical centres compete for newer and more innovative applications. Lack of equity as a policy value also results in a huge proportion of the uninsured and underinsured population who cannot access health services. This means that even if the individuals can geographically access the high-profile medical centres, they may not be able to access the 'prestigious' 'personalised' services due to their inability to pay for them.

We also see the effect of components of health systems on these examples. Such contextual issues are not explicitly addressed, but implied in various articles. For example, some of the healthcare institutions from the USA refer to 'insurance coverage' for the practices they offer.[@R75] [@R82] [@R90] [@R91] In the country context, this implies several issues within the US health system, which create a barrier to operationalisation of these services. Among them is the difficulty of dealing with multiple payers (insurances) which decide independently on coverage of these new, not yet standardised, 'personalised' services. On the other hand, in a single payer health system, that is, France, it was possible to cover the whole population for tumour genomics services with a special programme and dedicated funds for it.

In the case of Taiwan, where out-of-pocket services account for almost 40% of the healthcare expenditure,[@R92] we see that a telecare practice enters the market as an out-of-pocket service. For some countries, it is customary for new technologies to enter the healthcare market as an out-of-pocket service and gradually become covered by third party payers. This means that the availability and accessibility of a practice in a given country can evolve over time.

Discussion {#s4}
==========

Summary of the main findings {#s4a}
----------------------------

In this study, a systematic search and inclusion strategy was used to identify 'personalised' practices within the scientific literature. Neither the terminology used to describe the practices (personalised, individualised, systems, medicine, healthcare, etc) nor the technologies used showed a consistent pattern among the included practices. Thus, a different angle grounded on the practices was taken to analyse them to reveal notions of PM/PHC.

The analysis of 'the application form and context' indicated that PM/PHC can be a commodity for the health market, a way in which health services are organised/provided, or 'future' or 'novel' emerging applications. When reviewing whom these practices were aiming to serve, we identified that PM/PHC can serve individuals (or patients) to empower them to gain control of their health, health professionals to help them provide 'even' better health services, healthcare organisations to help increase the effectiveness/efficiency of healthcare delivery in the competitive environment or national health systems to help increase their performance in terms of effectiveness/efficiency and equity. During the analysis, it was noted that for successful integration of the practices into health services, both the attitude of the country towards innovations and the health system and policies context are crucially important.

Strengths and limitations {#s4b}
-------------------------

This article aimed to investigate the field of 'personalised' care from a practice-based perspective, not restricted by current (top-down) theoretical frameworks. Owing to the uniqueness of the research aim and heterogeneity of the included practices, a combination of methods was used at every step of the analysis. Among these were: triangulation with different strategies applied by two independent researchers during the screening phase, usage of the 'health intervention' definition of 'International Classification of Health Interventions (ICHI)' to assist the selection process, and content analysis grounded on the data (practices/articles) for identification of relevant patterns. This combination of methods and tools allowed us to include a broad range of sectors/technologies and research/development stages, which enabled us to demonstrate the spectrum of 'personalised' practices reported in the literature. To the best of our knowledge, this makes the paper unique in the field.

The main limitation of our study is that the search was carried out using the scientific literature alone without inclusion of information from websites. As a consequence, some well-established existing practices may not have been included in the analysis. This restriction was deliberately made in order to ensure the quality and credibility of the practices analysed.

Data on integration of practices into health services were very limited. Therefore, three prominent and contrasting country examples were identified to discuss some of the important factors that affect availability and accessibility. Since only the identified articles were analysed, we were not able to cross-check or elaborate on all aspects. Further research with a targeted approach using various other data sources can yield a more comprehensive analysis of the issues raised.

The scientific evidence base of the 'personalised' practices, or its lack thereof, is a major issue discussed in scientific fora for implementation of personalised practices in health services. This study took a different perspective on PM/PHC and aimed to develop an understanding of how the field can be defined from a 'practice-based' perspective. Since the review of the evidence on these practices was not a part of the research question, it was not taken as a dimension in the analysis. Nevertheless, this article may inspire others to identify the 'personalised' practices in the literature with a practice-based approach and/or use the inventory provided in online [supplementary table](#SM2){ref-type="supplementary-material"}s S1--S5 to investigate them from other perspectives, such as patient and practitioner acceptance and clinical utility.

Implications of the findings for the integration of personalised approaches {#s4c}
---------------------------------------------------------------------------

Since the early 2000s, there has been a growing expectation that 'personalised medicine' would enter the health services within a decade and gradually become common practice. In the early stages, it was mostly genomics that fuelled these expectations, but later 'personalisation' became a broader theme. However, the genome-based applications did not enter routine practices as was initially anticipated.

There have been several discussions in the scientific fora on the slow progress. It is widely recognised that the lack of robust evidence demonstrating clinical utility is a major problem in the field. Nevertheless, as seen in the results, the personalised 'practices' are very diverse in terms of the purposes and groups they serve. Therefore, it is not possible to talk about the clinical utility of all of them at once. Even in pharmacogenomics, which is considered to be 'one area', we may see different results for different drugs and genetic factors tested. For example, interventional and retrospective studies demonstrated the clinical utility of screening for the HLA-B\*5701 genotype to predict the hypersensitivity reaction to treatment with abacavir, an antiviral drug used in treatment of HIV infections.[@R93] [@R94] However, clinical trials failed to demonstrate the clinical utility of adding genetic testing to warfarin dose prediction algorithms that use clinical variables.[@R95] [@R96]

Although genome-based applications are not a single entity, their slower than expected progression to enter routine clinical practice led to questioning whether personalisation of medicine is a 'myth' rather than reality.[@R97] It is now expected that clear examples of application of genome-based information in medicine and healthcare may start to flourish in this decade, but will probably become more prominent in the period beyond the year 2020.[@R100] The below discussion on the implications of our 'practice-based' findings for integration of PM/PHC may provide insights on some of the possible factors contributing to these unfulfilled claims. Among them are: excessive technological focus, issues with definitions, issues with the transformation of practices and discrepancy between initial vision and practice.

### Excessive technological focus {#s4c1}

There is a striking contrast in terms of the technological orientation, in particular genomics, between the top-down descriptions and the findings of this study. The axes that emerged in our study did not point technologies or methods to define PM/PHC. Instead, they reflected on some of the real-life issues that practices face.

Many of the 'top-down' descriptions build the definition of the personalised approaches on the use of genome-based technologies and molecular markers.[@R12] [@R14] [@R15] [@R18] However, many of the practices identified in this study did not have a genomic or molecular component. This is illustrated in the Results section by giving at least two examples to each category and group: one that includes and one that does not include genomic/molecular technologies. Besides, there are some practices that have no technological component at all (eg, P-12, P-81,[@R101] P-86, P-18).[@R102] Thus, our findings indicate that it is not the use of certain technologies or methods, including genomic or molecular markers, that makes PM/PHC 'personalised'.

The problems around equating PM/PHC to genomics have already been raised. First of all, this causes attribution of currently unfulfilled expectations of genomic medicine to the broader application of PM/PHC.[@R5] Furthermore, genomic markers can be one of the components but it is not the only factor that makes individuals unique or medicine personalised.[@R2] There are various other factors that determine health, including the lifestyle we lead, the environment we are exposed to (also termed as 'exposome'),[@R103] the microbiota we host on our bodies,[@R104] our socioeconomic context and the health services we receive.

An example is the 'personalisation' of warfarin dosing. The standard practice has been to start warfarin therapy with a fixed dose and to modify it based on the international normalised ratio (INR) response (see [box 1](#bx1){ref-type="boxed-text"}). However, this has been a clinically challenging task since the values above or below the narrow therapeutic window of INR can lead to serious clinical conditions. To minimise them, using genetic tests for guiding warfarin dosing was considered as one of the most promising pharmacogenomics practices. To assess the clinical utility of such tests, different randomised clinical trials were conducted comparing pharmacogenomics-guided warfarin dosing with standard fixed and/or clinical algorithm-guided dosing. The clinical algorithms included various variables of individuals, such as age, gender and body surface area. The results of the clinical trials indicated that a genotype-guided strategy for warfarin dosing is more accurate than the standard fixed dosing, but not more accurate than the clinical algorithm-guided dosing.[@R105] [@R106]

This indicates that moving towards 'personalisation' of warfarin therapy using clinical variables, which is something not done routinely in clinical practice, is likely to be valuable, but adding the genetic bit on top of these algorithms did not show additional value. When 'personalisation' is equated with genetic testing, this seems to be a 'failure' of personalising warfarin therapy. However, if 'personalisation' is conceptualised as using all relevant clinical variables of the individual, the results indicate which variables can be, with the available evidence, useful in the algorithms for personalising warfarin therapy.

### The definitions {#s4c2}

The axes that emerged in this study were very different from the dimensions highlighted by the more common top-down definitions. However, the practices still did not yield a single common theme shared among them, which was also the case for top-down definitions as addressed in the Introduction section. Our findings indicated that PM/PHC practices are present in several forms and contexts, serving a variety of groups, having different connotations in terms of availability and accessibility around the world. It is not a realistic expectation to have one definition to cover all of these. Is PM/PHC a commodity that can be bought or sold? Is it a tool to empower individuals to gain more control of their health? Is it a tool for health professionals to provide even better healthcare? Is it the way how health services are organised and provided? Is it something or anything novel (with or without genomics) that is emerging? Is it 'prestigious' clinical applications in 'high-profile' medical centers? All or none of these?

Thus, similar to the case of top-down definitions, a consistent and unified definition of the personalised approaches cannot be made from the practice-based perspective either. This means that people may presume that they talk about the same concepts when they are using the same terms, while they actually have very different perceptions and ideas. This scene can be recognised by many people who try to follow the field via the literature or by participating in related meetings, in particular the multidisciplinary ones. Lack of coherence in the use of concepts and terminology can be a significant factor contributing to the unfulfilled claims.

Looking at some specific aspects of existing definitions, the distinction made earlier between 'personalised medicine' and 'personalised healthcare'[@R5] seems to apply to the practices as well. The findings of the axis-1 indicated that having a product or service available for use in the market is one thing (category-1), and actually implementing it in a certain context is another (category-2).

The 'personalised healthcare' description[@R5] [@R23] [@R107] [@R108] seems to match with the category-2, which includes practices that are implemented in a certain context, mostly a healthcare provider setting. Typical examples of 'personalised healthcare' are My PREVENT Plan (P-49)[@R109] and Gentest (P-20), which use personal health profiles and 'personalised medicine tools' in a broader context to prepare personalised health plans (the former focus more on chronic disease management, whereas the latter focus on their prevention).

In the framework of Simmons *et al*,[@R5] personalised healthcare is differentiated from personalised medicine. While the former is focused on a strategic approach to patient care, that is, health services, the latter deals with the use of specific 'tools' in medicine. Further, the 'personalised medicine' definition by Personalized Medicine Coalition, USA,[@R15] has some sort of a match with category-1 in the sense that the Coalition also positions personalised medicine as a commodity in the healthcare market, but with particular focus on diagnostic tests and related drugs which involve genomic and molecular markers.[@R110] Most practices in category-1 are some sort of tests or drugs that are, however, not restricted to genomics or molecular markers.

On a map of the various concepts defining the personalised approaches, Pokorska-Bocci *et al*[@R3] depicted personalised healthcare as a superset of all of them. This gives the impression that the difference is in their scope, but it is probably beyond that. There are two dimensions that distinguish them. The first is the application form and context, as supported by our findings and explained above (commodities/tools in the market vs implementation model in a healthcare context). The second is that personalised medicine is used to refer to specific tools, whereas personalised healthcare is used for a broader, holistic approach to health.

In brief, our findings are in line with Simmons *et al*[@R5] and indicate that 'personalised medicine' should be used for specific *tools* that are available for practice in medicine (such as tests, test-drug pairs, predictive algorithms, etc), as in category-1, whereas personalised healthcare should be used for *health services* that have a holistic approach to the individual to be implemented in certain contexts.

### Transformation of practices {#s4c3}

PM/PHC is a new and dynamic field; thus, it is possible that the available approaches transform or converge from one category to another. For example, an implementation model designed by one institution (category-2) may become a solution available to other stakeholders (category-1), that is, GeneInsight Suite (P-32), or a generic practice available within the healthcare market (category-1), that is, Gentest (P-20). Practices in category-3 (emerging practices) might converge to those available on the market (category-1) or institutional models (category-2). It is possible that some will evolve in different ways that have not been identified in this study. Targeted research using different data sources can explore how the practices evolve and transform over time.

For example, iPOP (P-50) and an example of 'quantified-self' movement by Smarr (P-59) are categorised as emerging practices (category-3) in axis-1. They are single cases that use longitudinal health data, in line with the P4 medicine vision of Hood and Price.[@R18] [@R19] [@R25] A new initiative called the 100 K Wellness Project takes the P4 medicine vision to a larger scale longitudinal research project with a practice component, where health coaches are trained to guide the participating individuals to change their lifestyle based on available 'actionable' data.[@R25] If we apply the distinction between personalised medicine (tools/commodities) and personalised healthcare (implementation models) to this case, the 100 K Wellness Project is essentially an example of personalised healthcare, indicating transition from P4 medicine towards P4 healthcare.

Within the dynamism of the field, there are various promising scientific and technological fields that are emerging but could not be captured within the scope of this study which focused on published 'practices' (see the 'Systematic search and selection strategy' section, as well as [supplementary material](#SM1){ref-type="supplementary-material"} 1). For example, 'metabonomics' aims to analyse the metabolic response of living systems to stressors or interventions.[@R111] 'Pharmacometabonomics' takes this concept further and uses metabolic profiling for prediction of an individual\'s response to a drug.[@R112] While pharmacogenomics focuses on genomic factors, pharmacometabonomics is sensitive to genetic and environmental factors such as diet, drug intake and the individual\'s microbiome.[@R113] This makes pharmacometabonomics a promising technological area for personalisation of drug therapy.

Another example to emerging fields that were not identified as a 'practice' at the time we carried out our literature search is 'metagenomics'. In the context of human health, it involves the study of the genetic material of the microbiota living on humans, in particular in the gut. Since an increasing number of studies indicate the significance of gut microbiota in human health and disease, metagenomics continues to be a promising technology that can be used in health practice.[@R114]

The transformations in practices and the variety of new technologies that are emerging at a rapid pace indicate the highly dynamic nature of the field, which is making the definitions more difficult. Moreover, by the time one definition framework is agreed on, it runs a risk of becoming outdated as new advances emerge.

### Discrepancy between initial descriptions and practice {#s4c4}

One of the factors that contribute to why the field of PM/PHC has not fulfilled the expectations might be how PM/PHC was envisaged and defined in the first place. The top-down descriptions focus on the theoretical promises of available and forthcoming technologies and try to guide the field in that direction. They were designed mostly by highly influential individuals and committees on the science and technology side and assume that if the technology alone is good enough, it can solve the problems of today\'s healthcare. For example, P4 medicine was proposed to eventually lead to a universal *democratisation* of healthcare by increasing the effectiveness of preventive and curative interventions, and reducing the costs, thus lessening the social and financial burden of diseases.[@R19] [@R25]

There is clearly a difference between how the field is depicted in these theoretical models and real life, as reflected in the practices we identified and analysed. In real life, innovations do not diffuse and enter services just because they are technically possible.[@R115] Policymakers, practitioners and/or individuals do not (decide to) use tools just because they exist. In line with the authors such as Bijker[@R116] and Berg and Mol,[@R117] the development and integration of new practices is much more complex than science and technology alone. It involves people, functions and bodies in health services in the whole context of the health system, in interaction with the society.

The health practice side of the coin has been widely neglected. Practitioners are not 'empty vessels', who only absorb all the literature, guidance and visions set forth by the commissions and opinion leaders. As Green[@R27] states, they are "...full of prior knowledge, attitudes, beliefs, values and, above all, contextual constraints at any given point in practice time". Practitioners adjust methods and technologies they use in order to successfully adapt them to the context, which inevitably changes and transforms them.[@R117] At the end of the day, it will be those healthcare practices that will actually construct the field and shape how personalised approaches will actually take place in medicine and healthcare.

The health systems and policies context has also been under-represented. For example, can inequity in a health system be solved by personalised practices alone? As seen in the case examples of the USA, France and Taiwan, strengths and weaknesses of health systems have direct implications on the personalised practices. The practice cannot be isolated from the context. Moreover, issues related to health systems cannot be solved in isolation either. Various publications have discussed and reported the barriers, challenges or agendas for/of personalised medicine. They list a number of items that need to be solved, such as reimbursement, data issues, physician education and others, and try to tackle each individually, one at a time, independent from each other and the general context. This isolated and piecemeal approach is unlikely to solve real-life problems efficiently because they are all interlinked with each other and the context. The health system must be addressed in its entirety.

Proposed solution: towards a true multidisciplinary approach in the field {#s4d}
-------------------------------------------------------------------------

Realisation of the PM/PHC depends on science, technology, healthcare and society domains.[@R118] The healthcare domain includes the health professionals who are in the front line of health services, as well as other professionals, functions and bodies that make healthcare services available within the local, regional and national context, thus covering both health policy and practice. When defining and working towards PM/PHC, predominance of specific domains hinders the progress by creating unrealistic expectations. Instead, the field must be created with a collaborative effort of all domains.

These efforts should not be limited to higher level meetings, where academicians assemble and discuss the topics. To bring PM/PHC into practice, these domains must come together effectively in teams working on concrete projects. An inspiring example relevant to this field is the Institute for Systems Biology (ISB) in the USA. Established in 2000, cofounded by Hood, ISB has been pioneering the field of systems biology. To study complex biological systems in a holistic way, a cross-disciplinary culture of research which uses technology to solve biological questions was required. For that, ISB created a special and unusual institutional platform, where scientists from different disciplines learn one another\'s languages and work effectively in teams, instead of disciplinary departments.[@R119]

To bring PM/PHC to life, we also need an integrative 'systems' approach. The system here is much broader than the organism. It includes science, technology, health and society domains. Just like the interaction of genes, lifestyle and environmental factors, socioeconomic factors and health services, which determine health and disease, individuals from different disciplines and sectors need to come together, interact with each other and form real collaborations to realise PM/PHC. Various mechanisms can be used to facilitate this, such as double appointments in science, policy and practice, financial incentives to make different parties work together, and events across domains to trigger cross-fertilisation. In terms of facilitating structures, ISB can be an inspiring example. In addition, education of health professionals (undergraduate and postgraduate), in particular physicians, is crucially important for them to be able to adopt innovations in practice.

PM/PHC can fulfil its promises only if it is tackled in a collective way. If the field focuses only on science and technology, it can make significant discoveries and perhaps bring out tools for the healthcare market, but their real-life use will be questionable.

Conclusion {#s5}
==========

This work presents an important endeavour of looking at the practice side of the coin of PM/PHC. For the first time, such an analysis was based on empirical data in such an extensive way. The perspective presented in this article, methods used and the findings may trigger discussions on new ways to describe personalised approaches. The practices identified and earlier publications show that personalised medicine and personalised healthcare are different entities, one involving commodities and tools available in the healthcare market and the other involving holistic approaches to individuals and their implementation in actual settings. Science or technology alone is not enough to have an impact on the health of individuals. The health policy and practice side of the coin must also be taken into account to address innovation for health in its entirety. For that, science, technology, healthcare (including policy and practice) and society domains should work collectively towards realisation of PM/PHC.
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